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ABSTRACT  
 
Due to the fact that ceramic shell mould structure is 
highly sensitive to any thermo physical changes therefore 
the drying procedure in the shell mould build up process 
is very important in producing good and quality of the end 
cast products. The aim of the study is to investigate the 
most appropriate drying technique for ceramic shell 
mould making process. In this study, the ceramic shell 
mould was dried using three techniques; microwave, oven 
and natural. Two parameters (shrinkage and 
microstructure) that strongly related to the shell mould 
performance were selected to measure the property and 
characteristic of the dried shell mould. Based on the 
comparison of these three drying methods, it shows that 
microwave drying technique gives the lowest shrinkage 
value and the finer and homogenous microstructure.     
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1. INTRODUCTION 
 
Drying process for most of ceramic material is very 
crucial since it can influence the mechanical, physical and 
characteristic of the ceramic body [1]. In the investment 
casting process this procedure is very important for the 
shell mould green part system before the firing stage can 
be carried out.  This need to be done in order to remove 
the free moisture that may brings to drastic changes in 
thermal gradient during the firing stage. Basically, the 
formation of shell mould involves several dipping and 
drying stages to form a multilayer shell mould system. 
The drying time in each layer of ceramic shell mould, 
should be carried out at least at 2 hours drying times. This 
is a very critical part   
 
Basically, the formation of shell mould involves 
several dipping and drying stages to form a multilayer 
shell mould system. In each layer of ceramic shell mould, 
the drying times should be carried out at least  at 2 hours 
and can takes up to 24 hours to dry for  the whole system. 
Therefore the failure of investment mould due to the 
drying process can be extremely expensive not only 
because of the loss of raw materials, but in terms of 
processing time and the cost of the drying process which 
is energy intensive.  
  
Drying process in most of ceramic material is very 
crucial since its can influence the mechanical, physical 
and characteristic of ceramic body [1]. Drying in ceramic 
component is a complex process involves simultaneously 
mass and heat transfer [2, 3] that contributes to the loss of 
moisture from the pore structure. Typically, this process is 
accompanied by physical and structural changes that are 
called shrinkage mechanism. Theoretically this movement 
of moisture (in ceramic body) which is strongly related to 
the shrinkage mechanism always related to the non-linear 
conditions [4].  Therefore, drying of ceramic porous 
material needs a slow rate drying process as the 
movement of moisture from this porous structure involves 
the multiphase transport mechanism (air, moisture and 
gas). Normally, high temperature drying can create a big 
temperature gradient which leads to the cracking 
mechanism that contributes to the failure of material. 
Thus, the control of drying conditions is very important to 
avoid the destruction of dried ceramic materials. 
 
 
2.   DRYING METHOD 
 
Historically, drying of ceramic material before firing 
stage was widely implemented for most of traditional 
ceramic (i.e. vast, sanitary ware) and had proved can 
produce a good structure of ceramic body [1]. As 
mentioned in the above paragraph an excessive drying of 
ceramic material should be avoided, therefore natural 
drying technique (directly from sun) is still very important 
and implemented until now for some of ceramic materials. 
Theoretically, natural drying involves the transportation 
of heat to the surface of material and then followed by the 
movement of water from the heated body. This slow 
transport mechanism of flow phases is very good for the 
moisture movement from ceramic network structure as 
this water movement will result in the formation of 
shrinkage mechanism. Thus, an excessive of moisture 
movement will result in the uncontrolled shrinkage that 
will lead to the crack formation and finally brings to the 
failure of material. These phenomena should be avoided 
for the highly brittle and thin ceramic body, especially for 
the case of ceramic shell mould layer system. In fact, a 
good structure of dried ceramic shell mould body can 
avoid the crack propagation in a thin shell mould layer 
system during the next stage of high temperature firing 
process. Typically drying of shell mould must be carried 
out at room temperature in the closed space with the 
drying times for each layer  takes up to 2 hours and to 
complete the drying for the whole mould layering shell 
will needs at least 20 hours. Therefore, the failure of shell 
mould system not just contributes to the lost of raw 
material and end products but also to the lost of 
production time.  
 
Oven technique is one alternative of drying that can 
reduce the processing time and cost, as this method allows 
the user to control every processing parameters.   Several 
works that related to these topics had proved that this 
simple method can avoid the failure in some ceramic 
bodies by setting the soaking heating time and also 
heating rate at the beginning stage [5]. The slow changes 
of temperature gradient will initiate the internal diffusion 
process of pore water that brings to the slow motion of 
water to the dried boundary layer. This mechanism needs 
a slow and controlled environment especially for the pore 
section of brittle materials that highly expose to the 
shrinkage problem.    
 
Today, microwave technique is one of the most 
widely used drying methods as this method offers a much 
greater of production outcomes and offers various heating 
conditions [6]. Basically, microwave drying is capable to 
create a much higher drying rate and energy efficiency 
than conventional heated air drying. It is widely applied to 
treat various kinds of raw materials and products 
including food, vegetables, fruits, wood. In fact, 
microwave is of the most clean drying technology as the 
used of microwave heating can minimize the environment 
emission problem via its internal and volumetric heating 
mechanism, with at the same times still can produce better 
product quality [7]. Furthermore, this technique can 
reduce the processing time because its allow the 
penetration of heat directly through the internal of 
material structure and this is very important for most of 
ceramic body. Due to the condition of heat can be 
generated throughout the volume of the materials and 
resulting volumetric heating the possibility in getting 
rapid heating and uniform structure is much higher [8].  In 
addition, this internal heating mechanism also offers a 
uniform energy absorption, heat and moisture distribution 
within the porous structure such as ceramic [9].  
Therefore in this present work, the investigation of 
microwave drying to the ceramic shell mould properties 
and structure was investigated 
 
In this present work, the drying can be done via three 
technique; microwave, oven and natural. The objectives 
are; (1) to analyze the respond of the dried materials to a 
variation in drying technique (2) to improve the structure 
of the ceramic shell mould and to optimize the processing 
stage for the drying process of the shell mould. The 
experiment result in this study could help the industry to 
improve the current casting quality, and reduce 
manufacturing cost with optimum the processing stage. 
 
 
 
3. EXPERIMENTAL 
 
  
3.1 Shell Mould Preparation 
 
3.1.1) Pattern wax production 
Wax paraffin is the base material to generate shape of 
mould. Wax dilution process made by using machine Wax 
Melting Vat with the temperature 100oC to ensure the wax 
used was fully melted. 
 
3.1.2) Slurry production 
Slurry was the mixture of colloidal silica and fused silica. 
Slurry was a basic material to produce shell mould. 
Colloidal silicate and fused silica was weighed and then 
added with same quantity and let the mixture until 
integrated. At the same time the viscosity of slurry was 
determined using Viscosity Cup for 40-60 seconds or 
Zahn Cup with NO 5. 
 
3.1.3) Shell mould making process 
Wax patent was immersed into slurry to get a layer of 
shell mold. For the first coat, layer of shell mould was 
coated with zirconia sand and second layer was coated 
with alumina sand. It was repeated alternately. This 
process was repeated up to 4 and 5 layers, the last layer 
did not use any binder (just pure slurry). At every dipping 
process the samples were dried with different techniques; 
microwave, oven and natural at same temperature (with 
referring to the industry practice).  
 
3.2 Mechanical Test 
 
3.2.1) Shrinkage measurement 
The dimension of the shell mould was measured before 
and after drying process. Drying shrinkage was measured 
using Digimatic Indicator for the thickness and vernier 
caliper was used to measure length and width.   
 
3.2.2) SEM 
The sample micrographs generally were carried out using 
SEM was to examine and observed the internal structure 
of specimen based on the analysis of the mechanical 
properties after drying process. 
 
 
 
4. RESULTS AND DISCUSSION 
 
 
     4.1) Shrinkage Measurement 
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       Figure 1: Graph percentage shrinkage for length 
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       Figure 2: Graph percentage shrinkage for width 
 
 
 
The percentage linear shrinkage of shell mould layers 
system was measured by comparing the difference in 
length and width of the green and final dried body. These 
two faces were selected with consideration of the 
complete drying condition that directly exposed to the 
heating environments.  In this work also the shrinkage 
measurement is based on at two layers system so that the 
mechanism of soak back into the previous layer can also 
be measured and this is very important part when 
considering shell mould making process. As shown in the 
graphs in Figure 1 and Figure 2 the microwave drying 
gives the lowest value in drying shrinkage compared with 
the two others drying methods.  In both stated Figures and 
plots, the same pattern of reduction in shrinkage value 
based on the different drying technique is also clearly 
shown.  The lowest value of shrinkage may be due to the 
homogenous internal volumetric heating phenomena that 
could lead to the homogenous structure transformation as 
reported in many drying of ceramic structure works via 
microwave technique [6, 7, 10].  The higher percentage in 
shrinkage value at drying of second layers is caused by 
the soak back mechanism that will always happen to the 
previous coat due to the pore formation after the first 
drying cycle [5]. 
 
4.2) Scanning electron Microscope (SEM) 
 
 
 
 
 
 
 
 
 
 
 
 
     Figure3: Natural 
 
 
 
 
 
 
 
 
 
 
 
 
      Figure 4: Oven 
 
 
 
 
 
 
 
 
 
 
 
 
 
     Figure 5: Microwave  
 
The microstructure changes and transformation were 
observed using Back Scattered of Scanning electron 
Microscope (SEM) with the 2,000 magnification.  Figure 
3 to Figure 5 show the SEM micrograph of the shell 
mould layer at five dipping process after the drying 
process. The different of pore distribution and pore 
percentage that existed in each drying technique are 
clearly shown in all these three drying methods.  Figure 5 
shows that the microwave contributes to the lowest 
porosity existence and followed by the natural and oven 
technique. The morphology also shown that the 
microwave structure has a uniform and a finer 
microstructure compared to the others drying technique.  
This may be due to the penetrating effect which is 
uniformly distributed internally within the shell structure 
as mentioned in the previous statement   
 
 
6. CONCLUSION 
 
In the present study, the results show that the drying 
method is highly influence the structural changes of the 
shell mould and is a critical factor that needs to be 
considered to avoid the cracking problem.  
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